Two experiments, each with 36 barrows with high-lean-gain potential, were conducted to evaluate apparent nutrient digestibilities and performance and plasma metabolites of pigs fed corn-soybean meal diets (CONTROL) and low-protein diets. The low-protein diets were supplemented with crystalline lysine, threonine, tryptophan, and methionine either on an ideal protein basis (IDEAL) or in a pattern similar to that of the control diet (AACON). Amino acids were added on a true ileally digestible basis. The initial and final BW were, respectively, 31.5 and 82.3 kg in Exp. 1 and 32.7 and 57.1 kg in Exp. 2. In Exp. 1, the CON-TROL and IDEAL diets were offered on an ad libitum basis or by feeding 90 or 80% of ad libitum intake. Pigs were fed for 55 d. In Exp. 2, the CONTROL, IDEAL, and AACON diets were offered on an ad libitum basis or by feeding 80% of the ad libitum intake. Pigs were fed for 27 d. Pigs fed the CONTROL diet had greater (P < 0.05) ADG and feed efficiency (G/F) than pigs fed the IDEAL (Exp. 1 and 2) and AACON diets (Exp. 2). As the level of feed intake decreased, ADG decreased
Introduction
The concept of formulating swine diets on an ideal protein basis has been evaluated in numerous studies. Low-protein diets have been formulated by reducing the amounts of protein supplements and adding the limiting amino acids in crystalline form, usually in ideal 1 644 (P < 0.05), but G/F tended to improve (P < 0.10) for pigs fed 90% of ad libitum in Exp. 1 and for pigs fed 80% of ad libitum in Exp. 2. In Exp. 1, the apparent total tract digestibilities of DM and energy were greater (P < 0.01) for pigs fed the IDEAL diet than for pigs fed the CON-TROL diet. In Exp. 2, the apparent total tract digestibility of protein was greatest in pigs fed the CONTROL diet (P < 0.05) and was greater (P < 0.05) in pigs fed the AACON diet than in pigs fed the IDEAL diet. Plasma urea concentrations were lower in pigs fed the IDEAL diet than in pigs fed the CONTROL diet, regardless of feeding level. For pigs fed the CONTROL diet, plasma urea concentrations were lower when feed intake was 80% of ad libitum (diet level, P < 0.01). In summary, pigs fed the IDEAL and the AACON diets gained less and had lower plasma urea concentrations than pigs fed the CONTROL diet. Based on these data, it seems that the growth potential of pigs fed the IDEAL and AACON diets may have been limited by a deficiency of lysine, threonine, and(or) tryptophan and that the amino acid pattern(s) used was not ideal for these pigs. ratios relative to lysine. Using this approach, diets have been formulated to be closer to ideal protein than control, high-protein diets. Experiments in which control and ideal protein diets have been compared have given inconsistent results. Lopez et al. (1994) , Tuitoek et al. (1997) , and Knowles et al. (1998) reported similar performance between pigs fed control and ideal protein diets, whereas Brudevold and Southern (1994) , Taylor and Crenshaw (1997) , and Smith et al. (1998) have reported lower growth performance in pigs fed ideal protein diets.
Low-protein, amino acid-supplemented diets that allow optimal growth performance offer an effective means of reducing nitrogen excretion from pig production units. Also, the establishment of optimum patterns of amino acids simplifies the establishment of amino acid requirements of pigs because requirements for each amino acid can be calculated from a single amino acid, such as lysine (Fuller, 1994; Lewis, 1995; NRC, 1998) . Therefore, the present experiments were conducted to identify possible reasons for the variable responses observed in previous research when pigs have been fed a low-protein, amino acid-supplemented, cornsoybean meal diet vs a control diet. In addition, the effect of reductions in feed intake (to simulate the feed intakes observed under commercial conditions) was also evaluated.
Materials and Methods
Experimental Design and Facilities. This research consisted of two experiments, each with 36 barrows with high-lean-gain potential (Danbred USA, Dorchester, NE). Initial and final BW were, respectively, 31.5 and 82.3 kg in Exp. 1 and 32.7 and 57.1 kg in Exp. 2.
In Exp. 1, pigs were allotted to two diets and three levels of feed intake in a 2 × 3 factorial arrangement of treatments in a randomized complete block design with the block being the initial weight. The compositions of the diets are presented in Table 1 . Phase I diets were offered for 24 d (until pig weight was approximately 53.7 kg), and Phase II diets were provided for the next 30 d (until pig weight was approximately 82.3 kg).
In each phase, a corn-soybean meal (CONTROL) or a low-protein, amino acid-supplemented (IDEAL) diet was fed. In the IDEAL diets, the protein concentration was reduced approximately four percentage units from that of the CONTROL diet. The four first-limiting amino acids (lysine, threonine, tryptophan, and methionine) were added as crystalline amino acids to the IDEAL diet to meet the lysine concentration of the CONTROL diet and to provide an amino acid pattern (relative to lysine) similar to the ideal pattern developed at the University of Illinois (Baker, 1994) . The concentration of lysine and the ratios used for the next three limiting amino acids were based on calculated true ileally digestible values (Table 2; NRC, 1998) . Eighteen pigs received each dietary treatment. Three subgroups of six pigs each were formed within each dietary treatment and allotted to one of three feeding levels: 1) pigs had ad libitum access to their diet, 2) pigs were offered 90%, or 3) pigs were offered 80% of the feed consumed by the pigs that had ad libitum access to the diet.
In Exp. 2, pigs were allotted to three diets and two levels of feed intake in a 3 × 2 factorial arrangement of treatments in a randomized complete block design with the block being the initial weight. The diet compositions are presented in Table 3 . Diets were offered for 27 d. The CONTROL and the IDEAL diets were similar to those used in Phase I of Exp. 1. In the AACON diet, the protein concentration was also reduced approximately four percentage units from that of the CON-TROL diet. Crystalline lysine, threonine, tryptophan, and methionine were added to the AACON diet to meet the lysine concentration and to provide an amino acid pattern (relative to lysine) similar to the pattern of the CONTROL diet. The concentration of lysine and the ratios used for the next three limiting amino acids were based on calculated true ileally digestible values (Table 4).
Twelve pigs received each dietary treatment. Two subgroups of six pigs each were formed within each dietary treatment and allotted to one of two feeding levels: 1) pigs had ad libitum access to their diet or 2) pigs were offered 80% of the feed consumed by the pigs that had ad libitum access to their respective diet.
In both experiments, diets were formulated to be slightly below the requirements for lysine and other amino acids (NRC, 1998; tables 10.1 and 10.3) for highlean-gain potential barrows. This was to avoid any overfeeding of amino acids. Pigs that had ad libitum access to their diet had feed available continuously. Feeders of pigs in the ad libitum group were weighed daily to calculate the feed to be offered to pigs allotted to the other two feeding levels for the next 24 h. The feed allotted to restricted-fed pigs was based on the feed intake of the pig assigned to the ad libitum group within the same block and diet. Restricted-fed pigs were fed three times a day (0900, 1300, and 1700) throughout the experiment.
Pigs were penned individually in an environmentally controlled room with temperature maintained at 20°C and constant lighting. Pens (1.5 m True ileally digestible amino acids estimated from analyzed total values of ingredients using prediction equations (NRC, 1998) .
Plasma Metabolite Concentrations.
In both experiments, blood samples from each pig were taken between 1100 and 1200 at the start of the trial and every week thereafter. Blood from each pig was collected from the anterior vena cava by venipuncture into 10-mL evacuated tubes containing 15 mg of potassium oxalate (anticoagulant) and 20 mg of sodium fluoride (glycolytic inhibitor). On the day of collection, blood samples were centrifuged at 2,000 × g for 20 min and plasma was separated and stored at −20°C until it was analyzed for urea, glucose, and NEFA concentrations.
Apparent Digestibility Determination. During the 3rd
wk of Phase II in Exp. 1 and during the 3rd wk in Exp. 2, 0.25% of chromic oxide (Cr 2 O 3 ) was added to the diet as an indigestible marker. After pigs had consumed the diet with chromic oxide for 4 d, fecal samples from each barrow were collected by rectal stimulation once daily for three consecutive days and stored at −20°C. Fecal samples from each barrow for the 3-d collection period were thawed, pooled, and freeze-dried. Feed and fecal samples were ground and analyzed for DM, CP, GE, and Cr to calculate the apparent digestibility of DM, CP, and GE by the indicator method (Young et al., 1991) .
Chemical Analysis. Diet and fecal samples were ground through a 1-mm screen before analysis. Dry matter was determined in diets and feces by freezedrying samples to constant weight. The CP content (N × 6.25) was determined with a Kjeltec apparatus and procedures delineated by AOAC (1990) . An adiabatic bomb calorimeter was used to determine GE. Feed samples containing chromic oxide and fecal samples were dry-ashed and Cr concentration was determined using atomic absorption spectroscopy with a reducing airacetylene flame. Plasma was analyzed for urea (Marsh et al., 1965) , glucose (Gochman and Schmitz, 1972) , and NEFA (Johnson and Peters, 1993) concentrations.
For amino acid determination, with the exception of sulfur amino acids and tryptophan, diet samples were hydrolyzed for 20 h (6 N HCl) at 105°C. Amino acids were separated using ion-exchange chromatography. The amino acid analyzer contained a cation exchange column and amino acids were eluted by a gradient of lithium buffers. After elution from the column, the amino acids were quantitated fluorometrically using ophthalaldehyde as the derivatization reagent. Sulfur amino acids (methionine and cystine) were determined by ion-exchange chromatography of acid-hydrolyzate samples that had been preoxidized with performic acid (i.e., hydrogen peroxide, 300 g/L:formic acid, 880 g/L, 1:9, vol/vol). The tryptophan concentrations of the diets were determined by an automated modification (Lewis et al., 1976) of the method of Hess and Udenfriend (1959) after 20-h hydrolysis with 5 M NaOH.
Statistical Analysis. Data from each experiment were analyzed as a randomized complete block design using the GLM procedure of SAS (SAS Inst. Inc., Cary, NC). Initial weight was the blocking criterion. Individual pig was considered the experimental unit. In Exp. 1, the mean difference between diets averaged over feeding levels and the orthogonal contrasts among feeding levels of 100 vs (90 + 80)/2 and 90 vs 80 were examined. Also, the interactions of these contrasts with diets were evaluated. In Exp. 2, orthogonal contrasts among the diets of CONTROL vs (IDEAL + AACON)/2 and IDEAL vs AACON were examined. The mean difference between feeding levels and the interaction with the above contrasts were examined. Plasma metabolite concentrations were analyzed in a split-plot arrangement of treatments. In the whole plot, the effect of diet, feeding level, and their interaction were evaluated, and in the subplot the effect of week of the study and the interactions with diet and feeding level were included.
Results

Experiment 1.
Results of growth performance of barrows and apparent nutrient digestibilities of diets in Exp. 1 are shown in Table 5 . During Phase I, the final BW, ADG, and G/F were greater (P < 0.05) for pigs fed the CONTROL diet than for pigs fed the IDEAL diet. As the level of feed intake decreased, there was a concomitant decrease in final BW and ADG (P < 0.05). During Phase II, pigs fed the CONTROL diet had greater (P < 0.05) final BW and ADG and had a trend for greater (P < 0.10) ADFI than pigs fed the IDEAL diet. As the level of feed intake was reduced from ad libitum to 80% of ad libitum, there was a reduction in final BW and ADG (P < 0.05). The G/F was greater (P < 0.05) for pigs in which feeding level was reduced to 90 and 80% of ad libitum. Averaged for the overall experimental period, pigs fed the CONTROL diet had greater (P < 0.05) ADG and G/F than pigs fed the IDEAL diet. As the level of feed intake decreased, ADG decreased (P < 0.05) but G/F tended to improve (P < 0.10).
The apparent digestibilities of dry matter and energy were greater (P < 0.01) for pigs fed the IDEAL diet than for pigs fed the CONTROL diet, but there was no effect of diet on protein digestibility. Feeding level did not affect digestibility of any of the components measured. When averaged across all diets and feeding levels, dry matter, crude protein, and energy digestibilities were 90.4, 83.2, and 88.6%, respectively.
Plasma urea concentrations were lower (P < 0.01) in pigs fed the IDEAL diet than in pigs fed the CONTROL diet, regardless of feeding level ( Figure 1A ). For pigs fed the CONTROL diet, urea concentrations were lowest when feed intake was 80% of ad libitum, but this was not evident in pigs fed the IDEAL diet (diet × level, P < 0.01). There was a reduction in plasma urea concentrations of pigs fed the IDEAL diet as the experiment progressed, but the urea concentrations remained constant in pigs fed the CONTROL diet from the start to the end of the experiment (diet × time, P < 0.01). Plasma glucose concentrations ( Figure 1B) were lower in pigs fed the CONTROL diet than in pigs fed the IDEAL diet (P < 0.01), were reduced with each reduction in the feeding level (P < 0.01), and decreased from the beginning to the end of the experiment (P < 0.01). Plasma NEFA concentrations ( Figure 1C ) were variable but Urea (diet, P < 0.01; diet × level, P < 0.01; diet × time, P < 0.01; SEM = 1.220). (B) Glucose (diet, P < 0.01; level, P < 0.01; time, P < 0.01; SEM = 3.173). (C) NEFA (diet × time, P < 0.05; SEM = 9.923).
were greater in pigs fed the IDEAL diet at the beginning of Phase II (diet × time, P < 0.05).
Experiment 2.
Results of growth performance of barrows and apparent nutrient digestibilities of diets in Exp. 2 are shown in Table 6 . Pigs fed the CONTROL diet had greater (P < 0.05) final BW, ADG, and G/F than pigs fed the IDEAL and AACON diets. Growth performance of pigs fed the IDEAL and the AACON diet was similar. When feed intake was limited to 80% of ad libitum, ADG decreased (P < 0.05) but G/F tended to improve (level, P < 0.10; diet × level, P < 0.10).
The apparent digestibility of protein was greatest in pigs fed the CONTROL diet (P < 0.01) and was greater (P < 0.01) in pigs fed the AACON diet than in pigs fed the IDEAL diet. There was a trend (P < 0.10) for greater apparent protein digestibility in pigs fed at 80% of ad libitum.
Plasma urea concentrations were lower (P < 0.01) in pigs fed the IDEAL and AACON diets than in pigs fed the CONTROL diet, regardless of feeding level ( Figure  2A ). For pigs fed the CONTROL diet, the urea concentrations were lower when feed intake was 80% of ad libitum, but this effect was not observed in pigs fed the other diets (diet × level, P < 0.01). Plasma glucose concentrations did not differ among treatments but declined with time (P < 0.01; Figure 2B ). Plasma NEFA concentrations ( Figure 2C ) were variable but were greatest (P < 0.01) in pigs fed the AACON diet and in pigs that had ad libitum access to feed.
Discussion
In studies reported by Kephart and Sherritt (1990) , , and it was shown that when pigs had ad libitum access to their diets, growth performance of pigs fed low-protein, amino acid-supplemented diets was similar to that of pigs fed control, high-protein diets. However when the same diets were compared in N balance trials (in which feed intake was restricted), a reduction in N digestibility and retention was observed in pigs fed the lowprotein, amino acid-supplemented diets. These findings led us to the hypothesis that when pigs had ad libitum access to feed, growth performance of pigs fed a control or a low-protein, amino acid-supplemented diet would be similar, but that when feed intake was less than ad libitum intake, growth performance of the pigs fed a control diet would be greater than that of the pigs fed a low-protein, amino acid-supplemented diet. Results from both of our experiments (Tables 5 and 6 ) do not support this hypothesis. Growth performance was greater in pigs fed the CONTROL diet than in pigs fed the IDEAL and AACON diets, regardless of feeding level. In fact, the results of Exp. 1 indicate a trend opposite to the one we had hypothesized. Differences in ADG and G/F between the CONTROL and the IDEAL diet were diminished as feeding level was decreased. According to Chung and Baker (1992) a true ideal amino acid profile optimizes nitrogen utilization and growth under conditions of both ad libitum intake and equalized feeding. A potential confounding feature of our design is that the 90 and 80% feeding levels were relative to their respective 100% level. Fortunately, the intakes of the 100% level were generally similar for the CONTROL, IDEAL, and AACON diets (although there was some difference in Phase II of Exp. 1).
Reductions in growth performance in starting, growing, and finishing pigs fed ideal protein diets have been reported by other authors (Brudevold and Southern, 1994; Davis et al., 1997; Taylor and Crenshaw, 1997) . On the other hand, Lopez et al. (1994) , Tuitoek et al. (1997) , and Knowles et al. (1998) have reported similar growth performance in growing-finishing pigs fed Diets: CONTROL, corn-soybean meal diet; IDEAL, corn-soybean meal, amino acid-supplemented diet in ideal ratios; AACON, corn-soybean meal, amino acid-supplemented diet similar to the control diet. Levels: 100, pigs had ad libitum access to feed; 80, pigs were offered 80% of feed consumed by pigs with ad libitum access to feed. control and ideal protein diets. In the work of Chewning et al. (1995) , a trend for improved gain in startinggrowing-finishing pigs fed ideal protein diets was observed.
There are two important differences between our research and previous experiments. First, barrows with high lean-gain potential were used; second, diets were deliberately formulated to be slightly below the requirements for lysine and other amino acids. Barrows fed the control diets for ad libitum intake gained 1.07 kg/ d in Exp. 1 and 1.02 kg/d in Exp. 2, values that are in close agreement with the daily gains observed in pigs with high potential for lean tissue growth (Rao and McCraken, 1992; Bikker et al., 1994 Bikker et al., , 1996 . Moreover, these barrows had daily lysine intakes, on a true ileally digestible basis, of 14.8 g in Phase I and 16.5 g in Phase II of Exp. 1 and 14.9 g in Exp. 2. These intakes are slightly below the recommended levels for growing and finishing pigs with high lean-gain potential (NRC, 1998; tables 10-2 and 10-4). Thus, the intakes of lysine and other amino acids were below the animals' requirements, as was planned. This approach was designed to eliminate the potential confounding effect of feeding a control diet that contained amino acid levels above the animal's requirement. Therefore, in our experiments any amino acid deficiency in the low-protein diet would be reflected in detrimental performance.
It is clear that the low-protein, amino acid-supplemented diets that we used failed to support the same high rates of gain that were achieved by the pigs fed the control diet. There are several possibilities for this result.
Infrequent feeding is known to reduce the efficiency of lysine utilization and growth performance of pigs fed amino acid-supplemented diets (Batterham, 1984) . The reason for the lower efficiency is assumed to be the rapid absorption of crystalline amino acids relative to amino acids derived from intact proteins and the resultant increases in oxidative losses of the free amino acids (Batterham, 1984) . This has been suggested to be one of the reasons for the reduction in performance in pigs fed low-protein, amino acid-supplemented diets. However, the problem can be avoided by feeding pigs two or more times daily (Cook et al., 1985; Partridge et al., 1985; Möhn et al., 1997) . In our research, pigs were fed three times daily (0900, 1300, and 1700) or given ad libitum access to feed, and the reduction in growth performance of pigs fed the IDEAL and AACON diets was probably not related to inadequate feeding frequency. Tables 2 and 4 show that the analyzed total lysine concentration of the IDEAL diet in Phase I of Exp. 1 and of the IDEAL and the AACON diets in Exp. 2 was lower than that of the CONTROL diets. The reasons for the discrepancies are unknown. These diets contained a large amount of crystalline lysine, and perhaps there was some loss of this lysine during diet hydrolysis before amino acid determination. However, lysine released from feed protein is stable during prolonged hydrolysis (Rowan et al., 1992) . In most previous research of this type, the amino acid composition of the diets has not been analyzed and the calculated compositions have been assumed to be correct. Thus, this aspect cannot be compared with previous studies. If the analyzed lysine contents truly indicate the amounts of lysine provided to the pigs, this provides an explanation for the lower performance of the low-protein, amino acid-supplemented diets. Analyzed crude protein contents were very similar to calculated values, indicating that discrepancies in lysine values were probably not due to mixing errors but to sampling or analytical errors.
In any event, discrepancies in lysine content fail to explain all the reductions in performance. In Phase I of Exp. 1, our estimate of the true ileally digestible lysine in the IDEAL diet was 16% lower than that in the CONTROL diet. During this period, ADG of IDEAL pigs was only 6% less than that of CONTROL pigs. During Phase II, true ileally digestible lysine contents of the two diets were essentially similar but ADG was still 8% lower for the IDEAL pigs. In Exp. 2, the lysine content was 7 and 11% lower in the IDEAL and AACON diets, respectively, than in the CONTROL diet. The ADG was 8% lower in the IDEAL and 7% lower in the AACON diet than in the CONTROL diet. In this experiment, the AACON diet had the lowest analyzed lysine content, but not the lowest ADG. Thus, the possibility that our amino acid-supplemented diets contained less lysine than we had formulated provides only a partial explanation for the lower performance of pigs fed these diets.
Another explanation for the reduced performance of pigs fed the amino acid-supplemented diets is that other amino acids were limiting. Analyzed concentrations of some other amino acids in the IDEAL and AACON diets were lower than anticipated. This was especially true for threonine and tryptophan. As for lysine, these amino acids were added in crystalline form, suggesting again there may have been some destruction of free amino acids during the analysis procedure. On a true ileally digestible basis, the tryptophan:lysine ratio in the amino acid-supplemented diets was lower than the 18:100 ratio of the NRC (1998) requirements. The threonine:lysine ratio of the IDEAL diet in Exp. 2 was also slightly below the 63:100 ratio in the NRC requirement for 20-to 50-kg pigs. Thus, if the amino acid analyses are accurate, a deficiency of tryptophan or threonine may have limited the performance of pigs fed the amino acid-supplemented diets. However, analysis of tryptophan is notoriously difficult. In Exp. 2, 0.01 and 0.05% tryptophan was added to the IDEAL and AACON diets, respectively. Yet, diet analysis showed only 0.02% more tryptophan in the AACON diet than in the IDEAL diet, indicating that there was only 50% recovery of the added tryptophan.
Some researchers have suggested that the optimum dietary amino acid ratios change with increasing body weight (Fuller et al., 1989; Moughan, 1991; Hahn and Baker, 1995) . Also, Mahan and Shields (1998) indicated that lean genotypes may have a higher dietary requirement for some amino acids relative to the other essential amino acids during the period of rapid growth. If muscle requires more lysine, and perhaps certain other essential amino acids, than other tissues, then the dietary amino acid ratios of pigs that have higher capacity for protein deposition may be different from those of pigs of medium-or low-lean-gain potential. One of the purposes of Exp. 2, in which methionine, threonine, and tryptophan were supplemented to the AACON diet to match the levels of these amino acids in the CONTROL diet, was to test this hypothesis. Even though dietary methionine + cystine, threonine, and tryptophan concentrations were greater in the AACON diet than in the IDEAL diet, growth performance of pigs was similar. This result indicates that the reduction in growth performance of pigs fed the IDEAL diet was not related to the amino acid profile used in this diet for the first four limiting amino acids. van Heugten and Schell (1997) also reported a reduction in performance in highlean growing pigs fed a low-protein diet in which lysine, methionine, threonine, and tryptophan were added in crystalline form and their levels were kept at the same level as a control diet.
In Exp. 1, the apparent digestibilities of DM and GE were lower in pigs fed the CONTROL diet than in pigs fed the IDEAL diet. The lower digestibility may have been caused by the difference in proportions of corn and soybean meal, or perhaps because during phase II, when fecal samples were collected, feed intake of the pigs fed the CONTROL diet was slightly greater than that of the pigs fed the IDEAL diet. Generally, there is an inverse relationship between feed intake and digestibility (Berschauer et al., 1983; Haydon et al., 1984; Rao and McCracken, 1991) . In Exp. 2, the apparent digestibility of protein was greater in pigs fed the CON-TROL than in pigs fed the IDEAL and AACON diets. Reductions in digestibility have been reported in pigs fed low-protein diets supplemented with amino acids compared to that of pigs fed control diets (Sharda et al., 1976; Gatel and Grosjean, 1992; . The greater protein digestibility of pigs fed the AACON diet compared to the IDEAL diet may have been caused by the extra crystalline amino acids supplemented to the AACON diet. reported that digestibility of nitrogen was greatest when a low-protein diet was supplemented with dispensable and indispensable amino acids to match the amino acid concentration of a 16% CP diet, and digestibility was lowest when the low-protein diet was supplemented only with lysine, tryptophan, and threonine.
Plasma urea concentrations were reduced when pigs were fed the IDEAL and AACON diets. Similar results have been reported in pigs fed ideal protein diets or diets in which amino acids were supplemented to a lowprotein diet to match the concentrations of the control diet (Brudevold and Southern, 1994; Knowles et al., 1998) . The reduction in plasma urea concentrations in pigs fed the CONTROL diet at 80% of ad libitum intake may have been because, as reported by Chiba et al. (1991) , lysine and other amino acids are used more efficiently when their intake is suboptimal. The lack of differences on plasma urea concentrations among pigs fed the IDEAL and AACON diets may have been because plasma urea concentrations reached baseline values at all levels of feed intake.
In regard to the overall effect of feeding levels, our growth performance and apparent nutrient digestibility results agree with other reports in which pigs were offered feeding levels similar to those in the present research (Campbell et al., 1988; Leymaster and Mersmann, 1991; Rao and McCracken, 1992) .
In summary, results from this research show that growth performance, plasma urea concentrations, and the apparent fecal digestibility of protein were lower in pigs fed low-protein diets supplemented with the first four limiting amino acids either in ideal ratios or in ratios similar to those of the control diet. Results of amino acid analysis suggest that the reduction in growth performance may have been caused by inadequate dietary contents of some of the four crystalline amino acids that were supplemented (lysine, threonine, tryptophan, and methionine). However, the possibility of inadequate intakes of other essential amino acids or other essential nutrients cannot be excluded.
Implications
Results of the present study show that barrows with genetic potential for high-lean gain and fed low-protein, amino acid-supplemented diets had lower growth performance than barrows fed a control diet, regardless of feeding level. Apparently, reducing the dietary protein content by four percentage units resulted in a deficiency of essential amino acid(s) or possibly other nutrients. If the dietary protein content could be reduced by four percentage units, this would decrease N excretion in feces and urine, which would be environmentally desirable. However, the number and(or) amounts of amino acids added in this research may have been insufficient to replace the amino acids that were removed when the protein content was reduced.
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